WO 2018/118930

Compute Davice 110

Processor
111

~ Distributed Database |
‘ instance 114

Memory 112

Display 1143

1/19
- T e
- Y
-
rd
‘
§
\
“u,
rd
Vd
Network
105
AN
>
/
{
Ny
%
u,
~ b
f
AN

Compute Davice 140

Processor
141

Distributed Database
instance 144

Memory 142

Display 143

FIG. 1

s
L)

PCT/US2017/067329

Compute Device 120

Processor
121

 Distributed Database

Instance 124

Memory 122

Display 123

Compuie Device 130

Frocessor
131

~ Distributed Database |

Instance 134

Memory 132

Display 133




WO 2018/118930

2/19

PCT/US2017/067329

Compute Device 200

Database Convergence
Module 211

Communication Module

Procassor 210

Distribuied Database

instance 221

Memory 220

FIG. 2



WO 2018/118930

Loy
(o]
L]

3/19

Carol

Dave

PCT/US2017/067329

Ed



PCT/US2017/067329

WO 2018/118930
4/19

[y
[
>

Alice Bob Carol Dave £d
Py

e 2

-

7

FIG. 4



WO 2018/118930 PCT/US2017/067329
5/19

Alice Bob Carol Dave Ed




WO 2018/118930 PCT/US2017/067329
6/19

<
o
L)

Carol




PCT/US2017/067329

L9l

“TOF 20uRISY| 8SBgRIR] POINGLISI
U POIOIS SIUBAS SU) 0] JOPIO [210) B SIBINoRD
OTTUE 20uBISU] 8SRABIR(] POINGLISICE Ul PRICIS
OY(IUSRY 24} sesnTRY somaq aindwiory 4

O/ soueisyy
aseqele] peINGLSIC Ul PBIC]S SUBAS BU} 10} JBpio
1210} € SiBingies OY T/ S0UBjSY| SSegElR( PSS
Ul POIOIS DY CIUSRY By 59500/ eana aindwiod 9

7/19

WO 2018/118930

e
e
\\ - £08
———— souBISY| eseqRIEg
. PeIBRI 10 U810 sy gog ooy oG St || emausiguiuen
N TTHSINGWes o) spuss gp, somer o Tl iserey pue E57
N TTTTee— dendwey g 20UBISU] OSRUBIR(
N T | panquisiq Ul paiois
N JUSAS 58] BU] JO ySeY
L N sy} Buieiuos wens
COR aouvisy) S N mau e sauyep 507
ISBAEIR( PRINQLISK] e RN aonaq andwon -
uiueAsIselaypue | o £0g souBisul m%%w“m%m%%mmwémmw soeq andwod e rRa RO ¥
E07 eouelsuj 8SeGERAL |y pasoys suene ouf 004 SONSA SIRRFR TR TR e
pengisigupaIYs | L — L
1UBAG 1S8] BU} JO LSey ] v
By} BuiEuod quens ) yau
mou e seuysp 550 \ 511111111
TR0 sNeq enduod o) spuss o0y eomeq einduog
N

. OB eouelsul
- eseqele peINgLsi(]

'

. TO7eoumsy
- eseqeleq peiNguisiq

D08 sonaq apnduio] 67 eanag enduion




PCT/US2017/067329

WO 2018/118930

8/19

8 Old

LOY) Sounuspt ABuogs
7= NY
L= (M

p3 3AB(] j01eD) qog 30|y

)
2
<
i



WO 2018/118930 PCT/US2017/067329
9/19

FIG. 9




PCT/US2017/067329

WO 2018/118930

10/19

stsorey

A

254

23
i

H
4

10A

FIG.



PCT/US2017/067329

WO 2018/118930

11/19

REX

1
T3

3
N

P
a4
“

wn

FIG. 10B




PCT/US2017/067329

WO 2018/118930

12/19

.
gt

S
7%

P gt
o el e

N
R

i

o

-
B

qued

3
3
A

W
N
Rt

i

T
X
s

f‘.

FIG. 11A



PCT/US2017/067329

WO 2018/118930

13/19

aana

20,

Sann

f
7t
2:

potres,

g
RRRey

7

FIG. 11B



WO 2018/118930

An event is a tuple

d = data(e)

h = hashes(e)

t = time(e)

i = creator(e)

s = sig(e)
parents(z) =

selfParent(z) =

i) =

E
E

T

B

N
parents
selfParent
ancestor
selfAncestor
manyCreators
see
stronglySee
parentRound
roundlInc
round
witness
diff
voles
fractTrue
decide
copy Vote
vote
famous
uniqueFamous
roundsDecided
roundReceived
timeReceived

&

)
)
c
0

i
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¢ = {d, h,t,i,s} where:

= the “payload” data, which may include transactions.

= a list of haslics of the event’s parents, sclf-parcut first.
= creator’s claimed date and time of the event’s creation.
= creator’s ID number.

= creator’s digital signature of {d h,t,i}.

set of events that are parents of event x

the self-parent of event x, or & if none

the number of members in the population

frequency of coin rounds (such as ¢ = 10)

the set of all events in the hashgraph

E U {@}
set of all possible (time, date) pairs
{true, false}
{1,2,3,..}
E - 2F
E%Eo
ExFE—B
ExE—B
2F 4 B
ExFE—-B
ExE—B
F—N
E—-B
E—+N
E—B
ExE =1
ExExB-—=N
ExFE—R
ExE—-B
ExE—B
ExE—B
E—-B
E—B
N—-B
E—-N
E—-T

FIG. 12A

SUBSTITUTE SHEET (RULE 26)
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x =y V 3z €parents(r), ancestor(z, y)

ancestor(z,y)

selfAncestor(z,y) = =« =y V (selfParent(z) # & A self Ancestor(selfParent(z),y))
manyCreators(S) = |S| > 2n/3AVz,ye S, (¢ #y = creator(x) # creator(y))

ancestor(z,y) A =(Ja,b € E, creator(y) = creator(a) = creator(b)A
ancestor(w, a) A ancestor(z, b) A —selfAncestor(a, b) A —selfAncestor(b, a))

see(x,y) -

i

stronglySee(z, y) see(x, y) A (IS € E, manyCreators(S)

Az € § = (see(x, z) A see(z,9))))

parentRound(z) = max({1}U {round(y) | y €parents(z)})
roundInc(z) *= 35 C E,manyCreators(S)
A(Vy € S, round(y) — parentRound(z) A stronglySee(x,y))
1 if roundIne(z
round(x) = parentRound(z) + ] 10\111. nel)
’ 0 otherwise
witness(z) = (selfParent(z) = @) V (round(z) > round(sclfParent(x))
diff(z, y) = round(z) — round(y)
votes(z, y,v) = |{z € E|diff(x,2) = 1 A witness(z)A stronglySce(z, z) A vote(z, y) = v}

votes(z,y,drue)
(votes(a.y true)-+votes(z.y. falsc))

fractTrue(z. y) e

decide(z, y) = (sclfParent(z) # @ A decide(selfParent(z), y)) V(A witness(x) A witness(y)
Adiff(z, y) > 1A (diff(z,y) mod ¢ > 0) A (v € B, votes(w, y,v) > =)

copyVote(z, y) = (~witness(z)) V (selfParvent(z) # @ A decide(selfParent (), y)
vote(selfParent (), y) if copyVote(x)
1 = middleBit{signature(z)) if = copyVote(z)
vote(z, y) = A (diff (z,y) mod ¢ = 0)
A (3 < fractTime(r.y) < Y
fractTrue(z,y) > 3 otherwise ?
famous(z) = Ay € E,decide(y, x) A vote(y, x)
uniqueFamous(z) = famous(z) A3y € E,y # x A famous(y)
Around(x) = round(y) A creator(z) = creator(y)
roundsDecided(r) = Va € B, ((round(z) < r A witness(2)) = Jy € B, decide(y, x))
roundReceived(z) = min({r € N | roundsDecided(r) A (Vy € E,
(round(y) = r A uniqueFamous(y)) == ancestor(y, )
timeReceived(z) = median({time(y) | y € E A ancestor(y, T)A

(3z € E round(z) = roundReceived(z) A uniqueFamous(z)
AselfAncestor(z,y}) A ~{Jw € E, selfAncestor(y, w) A ancestor (1w, 2))})

FIG. 12B

SUBSTITUTE SHEET (RULE 26)



PCT/US2017/067329

WO 2018/118930

16/19

sjelg eseqele(] peinquist(y

BOET
(Q1zQ) seuquap} snbiupy eseqeleq paingusig

(Aoy AN ™ KON BIBAU ) e D3

N RN e P— ane(]

(A8 OGN ‘AOY BIBAUE D) e j0Jen)

(RSN DA™ ‘ABY BIBAUG TE) e qog

N TR R I ¥ pemm— ool
w:mﬂ

siied Aay siequiap

el

(10 181
diusisquuap Juaung

087 sdiysioquisyy



PCT/US2017/067329

WO 2018/118930

17/19

ey

Geyl
pemang Busn
JUBAS BEEIDIG

] N,

L = 4 PN
B4R JOAR &

S,
\\\\\pmmmuw& SYBAB
. Aue saoBy

EB=RASIHBING
{3 ‘1MS) 3LY0I0 = S
LIS = MSAsig

ool
W gainy

punos passass gie Aeang syl JAOHIY

(%47

o IBHUING DUNGE PRAKOSE YW Aeng pryg
“Aaand saer Aeyand euor) iy

1yl

DURGS DRAEARE DUIISHH
Aol 10w o4 BUieg M SGENG PUNO) DBAIRTBE i

L vonemBUuo? sSeUeIRp PUINGLAID 51 oML

4ABIE



PCT/US2017/067329

WO 2018/118930

18/19

T

Iy

€551

Lipoysaigl - Y <
{HpsieRanpUBMIUBIS Y B
BIGYM PUR "G pRINGIAEIR

PUE §0 OURIRIE S, IB0WIBIE SILY I 10U
x//z 81 wuy iliwamy 1isan sud 1889 18

BDABY JUIBAS 8O}

15610
setibisn

SDU0 WY JUSAS SAIBTDY

A 85

)

LEPIOYSBIL Y >
fdpegeninpunuspussed jueas
fisre ¢

1551
wess yaomy




WO 2018/118930 PCT/US2017/067329
19/19

=)
I

Recelve at focal inslance of the distribuled dalabass
an event X rom a non-onal instancs of the
distributed database
1601

I

Extract 2 signature from receivad event X
1603

1605

Mi}aes event signatura ves Eret >
pass vefiﬁmtim?/f = i )

T

y

Zend o non-local instances of the distribided
database 3 fallure notification of svent X

1607

|

Receive, al locgl instanse of the disiributed
dutshase hash values associated with svents that

are paventds of event X
1699

|

Send to non-local lustance of the disliibuled
datzbase the hashes of missing svants

FIG. 16



